The precipitation titration of sodium chloride with electrogenerated silver ion was studied. The production of a precipitate of silver chloride had a significant effect on the titration results because the precipitate involved unreacted chloride or unreacted silver ion. The accuracy of the method was investigated by changing the introduction time of a sodium chloride solution to the coulometric cell during the process of electrolysis, and examining the dependency on the sample size. The accuracy of the measurement of the precipitation titration is discussed.
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The effective purity of NaCl is required to be over 99.98% in JIS K 8005.
High-quality and reliable reference materials have been gaining increasing importance owing to recent advances in their R & D and industrial activities. Based on Faraday's law, the coulometric assay yields the precipitation reaction factors on an absolute basis without any chemical standards, and highly precise results compared with other chemical methods. There are some reports regarding a coulometric study for acidimetric standards, [3] [4] [5] [6] [7] [8] oxidimetric-reductometric standards, [9] [10] [11] [12] [13] [14] and precipitation standards. [15] [16] [17] [18] [19] [20] [21] Hioki et al. reported on the dependence of the coulometric titration results on the amount of sample mass due to the influence by carbon dioxide for acidimetry. 4 Marinenko et al. employed constant-current coulometry to determine the amount of chloride ion of NaCl, 15 and to evaluate the stability of NaCl solutions and the influence of the sample forms, solution and solid. There were the sample mass dependencies in the solid form, and the NaCl solution was not stable due to the evaporation of water. After the generation of 99.5% of the silver ion required, NaCl was introduced into the coulometric cell to avoid any influence of precipitate production. In the case of introducing a NaCl solution to the coulometric cell before electrogenerating silver ion, the titration results give a lower result. On the other hand, in a technical note published by Japanese Industrial Standards Committee for precipitation titration, the effective purities of NaCl remarkably rose according to increasing sample mass because the large amount of the produced precipitate involves unreacted silver ion. 19 Besides, Champion et al. mentioned that there were errors in the precipitation titration due to photodecomposition. 22 Therefore, the titration results depend on the amount of the produced precipitate, and the amount of a dominant ion in solution when the precipitate is produced. Some other reports on the coulometric titration of NaCl are available; however, the effect of the precipitate has been inadequately investigated. This paper describes a measurement error for NaCl using the coulometric system by changing the introduction time of NaCl solution to the coulometric cell during the process of electrolysis, and examining the dependency on the sample size. The ratio of chloride ion to silver ion in the coulometric cell varied according to changing the introduction time and the sample size. The bias of the measurement of the precipitation titration was estimated.
Furthermore, due to recent internationalization, not only the SI unit traceability of the reference materials, but also the relationship and consistency of their analytical data have gained increasing importance. NaCl has been compared at the international level by BIPM/CCQM (Bureau International des Poids et Mesures/Comite Consultatif pour la Quantite de Matiere-metrologie en chimie), CCQM-8A NaCl.
The relationship was estimated using a certified reference material (CRM) obtained from National Research Center for Certified Reference Material (NRCCRM), China, which was determined by constant-current coulometry, and in good agreement with the results of NIST (National Institute of Standards and Technology) in CCQM-8A.
Experimental

Apparatus
The automated coulometric system comprised a coulometric titration cell, an indicator, electrolysis unit, and a PC/AT-based controlling system, which are shown in Fig. 1 . The coulometric titration cell was equipped with silicone rubber stoppers, a Ag working electrode (>99.999%, 7 mmφ × 100 mm; Johnson Matthey, London, UK), and Pt foil counter electrode (40 mm × 200 mm). The end-point indicator used was an HM-60 potentiometer with an HA-101 Ag indicative electrode and an Ag-AgCl HS-205C reference electrode (DKK-TOA Corporation, Tokyo, Japan). The solution and the salt bridge for a reference electrode used were 50 ml of 60 g/L NH4NO3 and 70 g/L NH4NO3 containing 3% agar gel, respectively. The electrolysis unit consisted of a 6181C Model 2400 constantcurrent source (Keithley Instruments Inc., Ohio, USA), custombuilt timer, 10-ohm and 100-ohm standard resistor (Yokogawa Electric Corporation, Tokyo, Japan), switching circuit, and a Datron 1281 voltmeter (Wavetek Ltd., CA, USA). The resistors used were appropriately chosen for different applied currents.
The amount of applied current was calculated using a voltmeter and a standard resistor connected in series based on Ohm's law. The entire system was controlled by the coulometry software on a PC/AT compatible computer. This software performed the functions of drawing titration curves, end-point determination, and calculation of purities.
Measurement procedure
Analytical reagent-grade chemicals were used unless otherwise stated. The molar mass of NaCl used was 58.44277 g/mol, the density was 2.17 g/cm 3 , and the Faraday constant was 96485.3415 C/mol. About 3 g of NaCl, compliant with JIS K 8005 and obtained from MANAC Incorporated, Hiroshima, Japan, in a platinum crucible was dried at 600˚C for 1 h, and cooled in a desiccator over silica gel at room temperature for 2 h. Then 0.1 -0.3 g of NaCl, which was accurately weighed in units of 1 μg and to which a buoyancy correction was applied, was placed in a polyethylene vessel (12 mmφ × 17 mm) and dissolved in water in advance. Approximately 100 ml of the supporting electrolyte, containing 8.5 g of NaNO3, 5.7 ml of CH3COOH and 65 ml of C2H5OH (to minimize the solubility of AgCl), was used as the anolyte, and approximately 100 ml of 2 mol/L HNO3 containing 50 g of NaNO3 and 1 ml of 0.005 mol/L AgNO3 (to avoid the error due to a slight amount of halide ion) was used as the catholyte. 20 Silicic acid gel was prepared in advance and consisted of 5 ml of 0.6 mol/L HNO3 containing 1.2 g of sodium silicate. The coulometric cell was cooled below 10˚C and shielded against light during the experiment to avoid dissolving the formed precipitate in anolyte again and photodecomposition of AgCl, respectively.
Dissolved oxygen was removed from the anolyte by bubbling N2 gas (>99.9995%) for 40 min; the solution was then stirred at a constant rate. After bubbling, the compartment for the supporting electrolyte was purged by Ar gas (>99.999%) during the experiment. Bubbling and purging gases were passed through two washing bottles containing 100 ml of the diluted anolyte and 100 ml water.
The supporting electrolyte was permitted to flow into the intermediate compartments, which were built to prevent silver and chloride ion from moving to the counter chamber. A few drops of 0.01 mol/L NaCl solution (to avoid the error due to impurities in it) were added into anolyte using a Pasteur pipette until approximately 250 mV in the indicator, then pre-titration was carried out using a small constant-current pulse (3 mA × 10 s) up to about 320 mV. Receiving a potential every 2 s, each potential was the mean value of 5 points within 0.1 mV after electrolysis. After pre-titration, the solution in the center compartments was repeatedly mixed into the supporting electrolyte chamber, and then the final potential was recorded. An inflection point was calculated by a three-dimensional approximation of 5 points surrounding it.
In the main titration, three kinds of titration by changing the introduction time of NaCl solution to the coulometric cell were carried out. About 4 mmol of a NaCl solution was introduced before electrogenerating silver ion; 2 -5 mmol of it was introduced at the midway point of electrolysis, and 4 -5 mmol of it was introduced on halves at 1/2 and 3/4 points of electrolysis. The main titration was carried out using a large current (100 mA), and the end-point was determined in a similar 1122 ANALYTICAL SCIENCES AUGUST 2006, VOL. 22 manner in the pre-titration. In addition, GBW 06103a NaCl from NRCCRM (certified value: 99.995 ± 0.005%) was measured to evaluate the relationship and consistency of the materials in accordance with the instructions on the certificates and the GB standard in China.
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Results and Discussion
The results of the dependence of the NaCl effective purity on the introduction time are shown in Fig. 2 . The assay of about 4 mmol of NaCl in measurement case (1) was 99.9644 ± 0.0034% (standard uncertainty of repeatability, coverage factor k = 2). The measurement was carried out one or two times a day; therefore, 10 determinations took for about one week. Marinenko et al. mentioned that a NaCl solution was not stable due to the evaporation of water. 15 In our study, the difference between the highest and lowest effective purity was within 3-times the standard deviation, and there were no dependencies because each sample was dissolved in water one-time-only just before the measurement.
The results for about 2, 4 and 5 mmol in cases (2) - (4), were 99.9835 ± 0.0110%, 99.9866 ± 0.0050% and 99.9947 ± 0.0040%, respectively. The assays slightly rose according to increasing sample mass; however there was no significant difference in the mean value under each condition. The introduction of a large amount of sample conducts upper results because electrogenerated unreacted silver ion is adsorbed to the precipitate and consumed. 19 The influences of the precipitate were decreased by using a solution form of the NaCl sample. The uncertainty in 2 mmol was twice those in 4 and 5 mmol because the small amount of the sample mass led to increasing the ratio of the end-point determination error and weighing error. Consequently, we adopted the experimental condition, 4 mmol of the sample mass. On the other hand, the results in the case of sample introduction before electrolysis and at the midway point were significantly different. The early sample introduction had a significant effect on the titration results because the produced precipitate involved unreacted chloride ion. Therefore, sample introduction before electrolysis or early whole sample introduction produced lower results, and it is necessary to add a NaCl solution into the supporting electrolyte in parts.
The effective purities of about 4 and 5 mmol in cases (5) - (6), were 99.9951 ± 0.0044% and 99.9935 ± 0.0054%, respectively. There were no significant differences or dependencies in the mean value of each condition upon changing the sample mass. In addition, there were no differences in the results between cases (2) - (6) . A large sample size required a large quantity of electrolysis, and caused the photodecomposition of AgCl. Therefore, there were no dependencies on the electrolysis time and no evidence of sample diffusion in this study, because there was no significant difference upon changing the sample size. We adopted the optimum measurement procedure, 4 mmol of the sample mass and the sample introduction on halves at the 1/2 and 3/4 points of electrolysis because the influences of the precipitate were minimized and negligible compared with the combined standard uncertainty. In order to evaluate the relationship between the purities of NaCl produced by a different laboratory, the purity-known CRM from NRCCRM (GBW 06103a, certified value, 99.995 ± 0.005%) was used. The effective purity was 99.988 ± 0.006% (standard uncertainty of repeatability, k = 2, 7 determined) under the condition of the optimum measurement procedure.
Assays of the NaCl produced by different laboratories, different procedures, and using different electrical standards were in good agreement.
Finally, NaCl obtained from MANAC Incorporated was certified as a reference material for volumetric analysis regulated by JIS under the optimum measurement procedure. The uncertainties of the measurements for NaCl are given in Table 1 . The combined standard uncertainty was calculated from the uncertainties of the physical quantities measurements (voltage, time, and resistance), fundamental constants (molar mass and Faraday constant), sample masses used for the measurements, end-point determination, and repeatability; consequently, a purity of 99.995 ± 0.008% (k = 2) was obtained.
Conclusion
A Japanese reference material for precipitation titration was studied by coulometric titration. The uncertainty source of the method was investigated by examining the dependencies on the sample size and the sample introduction time. The results presented for NaCl were established with high accuracy, SI unit 1123 ANALYTICAL SCIENCES AUGUST 2006, VOL. 22 Fig. 2 Dependence of the NaCl effective purity on the introduction time. Measurement case: (1) About 4 mmol of NaCl was introduced before electrolysis; (2) about 2 mmol of NaCl was introduced at the midway point of electrolysis; (3) about 4 mmol of NaCl was introduced at the midway point of electrolysis; (4) about 5 mmol of NaCl was introduced at the midway point of electrolysis; (5) abouttraceability, and uncertainty by adjusting the introduction time, using a liquid form of the NaCl sample. Thus, information on the relationship among stoichiometric standards produced by a different laboratory is available for the evaluation of analytical data using reference materials.
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